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Abstract 
 
  
The Power Generation development, recently, considered seriously the extra 
benefits of using the renewable energy sources, because of the adverse impacts of 
using fuel in power generation, such as the high operating and maintenance cost 
and environmental pollution risk. Amongst renewable energy sources, 
hydroelectric power seems to be the most desirable for utilities. Hydropower can 
be defined as the capturing of the kinetic energy of the flow of hydraulic stream 
to generate electrical power, albeit in small scale from the low head systems like 
small earth dams and irrigation canals. 
Recent technological advancements made it an attractive proposition to develop 
small-scale low head hydropower in these systems, to provide the rural 
population with electricity supply, which is instrumental for socio-economic 
progress. 
In this research, the expected hydro power can be generated, from the potential 
sites at Gezira and Managil irrigation canals, is estimated according to the daily 
hydraulic data from the daily record office at the Ministry of Irrigation and Water 
Resource. The hydraulic system for power generation is selected, and the 
estimation cost of setting the small hydropower system at proposed gates is 
estimated, which is essential for the preparation of the feasibility study.  
The study is determined that it is economically visible to install the Small Hydro-
Power Plant at the identified irrigation gates at Gezira and Managil scheme. Also 
the study calls to enhance more researches on this field at the other irrigation 
systems, and the possible small hydropower potential sites at small earth dams 
and along the Nile and its tributaries.  
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 ﻣﺴـــــﺘﺨـﻠﺺ
  
ﺗﻢ ّﱠ اﻟﻠﺠﻮء ﺣﺪﻳﺜﺎ ً إﻟѧﻰ اﺳѧﺘﺨﺪام اﻟﻄﺎﻗѧﺎت اﻟﻤﺘﺠѧﺪدة ﻓѧﻲ ﺗﻮﻟﻴѧﺪ اﻟﻄﺎﻗѧﺔ اﻟﻜﻬﺮﺑﺎﺋﻴѧﺔ آﺒѧﺪﻳﻞ اﻳﺠѧﺎﺑﻲ ﻟﻠﻤѧﻮاد 
اﻟﻨﺎﺗﺠﺔ ﻣﻦ اﻻﻋﺘﻤﺎد ﻋﻠѧﻰ اﻟﻤѧﻮاد اﻟﺒﺘﺮوﻟﻴѧﺔ واﻟﻤﺘﻤﺜﻠѧﺔ ﻓѧﻲ ﻧﺴﺒﺔ ﻟﻠﻤﺸﺎآﻞ واﻟﻤﻌﻮﻗﺎت اﻟﻜﺒﻴﺮة ، اﻟﺒﺘﺮوﻟﻴﺔ
اﻟﻄﺎﻗѧѧѧﺔ ، وﻣѧѧѧﻦ أهѧѧѧﻢ اﻟﻄﺎﻗѧѧѧﺎت اﻟﻤﺘﺠѧѧѧﺪدة . وﻣﺨѧѧѧﺎﻃﺮ ﺗﻠѧѧѧﻮث اﻟﺒﻴﺌѧѧѧﺔ ، زﻳѧѧѧﺎدة ﺗﻜﻠﻔѧѧѧﺔ اﻟﺘѧѧѧﺸﻐﻴﻞ واﻟѧѧѧﺼﻴﺎﻧﺔ 
اﻟﻬﻴﺪروﻟﻴﻜﻴﺔ واﻟﺘﻲ ُﺗـﻤﻜـﱢﻦ ﻣﻦ اﻻﺳﺘﻔﺎدة ﻣﻦ اﻟﻄﺎﻗﺔ اﻟﻜﺎﻣﻨﺔ ﻟﺴﺮﻳﺎن اﻟﻤﺎء ﻓѧﻲ اﻟﻤѧﺴﺎرات اﻟﻬﻴﺪروﻟﻴﻜﻴѧﺔ 
 ﻓѧﻲ ﺗﻮﻟﻴѧﺪ اﻟﻄﺎﻗѧﺔ اﻟﻤﻴﻜﺎﻧﻴﻜﻴѧﺔ ﻟﻤﻨﻈﻮﻣѧﺔ ﺛѧﻢ ﺗﺤﻮﻳѧﻞ هѧﺬﻩ اﻟﻄﺎﻗѧﺔ – وﻗﻨﻮات اﻟﺮي واﻟﻮدﻳﺎن،   آﺎﻷﻧﻬﺎر -
  .إﻟﻰ ﻃﺎﻗﺔ آﻬﺮﺑﺎﺋﻴﺔ
، ﻋﻠﻰ ﺿﻮء ذﻟﻚ ﺟـﺎءت ﻓﻜﺮة اﻻﺳﺘﻔﺎدة ﻣﻦ اﻟﻄﺎﻗﺔ اﻟﻜﺎﻣﻨﺔ ﻟﺴﺮﻳﺎن اﻟﻤѧﺎء ﻓѧﻲ اﻟﻤѧﺴﺎرات اﻟﻬﻴﺪروﻟﻴﻜﻴѧﺔ 
اﻟﻤﻨѧﺎﻃﻖ اﻟﻤﺤﻴﻄѧﺔ ﻟﺘﻮﻟﻴﺪ اﻟﻄﺎﻗﺔ اﻟﻜﻬﺮﺑﺎﺋﻴﺔ ﺑﻜﻤﻴﺎت ﻗﻠﻴﻠﺔ ﺗﻜﻔﻰ ﻟﺘﻐﻄﻴﺔ ، ذات ﺳﻤﺖ اﻻرﺗﻔﺎع اﻟﻤﻨﺨﻔﺾ 
  . ﺑﻬﺬﻩ اﻟﻤﺴﺎرات ﻟﺘﻄﻮﻳﺮ وﺗﺤﺴﻴﻦ ﺳﺒﻞ اﻟﺤﻴﺎة اﻟﻴﻮﻣﻴﺔ ورﻓﻊ ﻣﺴﺘﻮى اﻟﺘﻄﻮر اﻻﻗﺘﺼﺎدي واﻻﺟﺘﻤﺎﻋﻲ
ﻓѧﻲ هѧﺬا اﻟﺒﺤѧﺚ ﺗѧﻢ ﱠ ﺣѧﺴﺎب اﻟﻄﺎﻗѧﺔ اﻟﻜﻬﺮﺑﺎﺋﻴѧﺔ اﻟѧﺼﻐﻴﺮة اﻟﺘѧﻲ ﻳﻤﻜѧﻦ ﺗﻮﻟﻴѧﺪهﺎ ﻣѧﻦ ﺑﻌѧﺾ أﺑѧﻮاب اﻟѧﺮي  
ﻟﻤﻌѧﺪل ، ﻴﺔ اﻟﻴﻮﻣﻴѧﺔ اﻟﻤﺮﺻѧﻮدة اﻋﺘﻤﺎدا ﻋﻠﻰ اﻟﺒﻴﺎﻧﺎت اﻟﻬﻴﺪروﻟﻴﻜ ، اﻟﻤﻘﺘﺮﺣﺔ ﺑﻤﺸﺮوع اﻟﺠﺰﻳﺮة واﻟﻤﻨﺎﻗﻞ 
ﻣѧﻦ ﻣﻜﺎﺗѧﺐ اﻟﺮﺻѧﺪ ﺑѧﻮزارة اﻟѧﺮي واﻟﻤѧﻮارد ، ﺗѧﺼﺮف اﻟﻤѧﺎء واﻟﻤﻨѧﺴﻮب اﻷﻣѧﺎﻣﻲ واﻟﺨﻠﻔѧﻲ ﻟﻸﺑѧﻮاب 
وﺣѧﺴﺎب ، ﺗﻢ ﱠ اﺧﺘﻴﺎر اﻟﻨﻈﺎم اﻟﻬﻴﺪروﻟﻴﻜﻲ اﻟﻤﻘﺘѧﺮح ﻟﺘﻮﻟﻴѧﺪ اﻟﻄﺎﻗѧﺔ اﻟﻜﻬﺮﺑﺎﺋﻴѧﺔ ﻣѧﻦ هѧﺬﻩ اﻷﺑѧﻮاب . اﻟﻤﺎﺋﻴﺔ
  . ﺎم ﻓﻲ ﺑﻌﺾ أﺑﻮاب ﻗﻨﻮات اﻟﺮياﻟﺘﻜﻠﻔﺔ اﻟﺘﻘﺪﻳﺮﻳﺔ واﻟﺠﺪوى اﻻﻗﺘﺼﺎدﻳﺔ ﻟﺘﻄﺒﻴﻖ هﺬا اﻟﻨﻈ
ﺗѧﺸﻴﺮ اﻟﺪراﺳѧﺔ إﻟѧﻰ اﻗﺘѧﺮاح اﻋﺘﻤѧﺎد ﺗﻮﻟﻴѧﺪ اﻟﻄﺎﻗѧﺔ اﻟﻜﻬﺮﺑﺎﺋﻴѧﺔ ﻣѧﻦ ﻗﻨѧﻮات اﻟѧﺮى ﻓѧﻰ ﻣѧﺸﺮوع اﻟﺠﺰﻳѧﺮة 
وﺗﻘﺘѧﺮح دراﺳѧﺔ ﺗﻮﻟﻴѧﺪ اﻟﻄﺎﻗѧﺔ اﻟﻜﻬﺮﺑﺎﺋﻴѧﺔ ﻣѧﻦ ﻗﻨѧﻮات اﻟѧﺮى اﻷﺧѧﺮى اﻟﻤﺘѧﻮﻓﺮة ﻓѧﻰ اﻟѧﺴﻮدان ، واﻟﻤﻨﺎﻗﻞ
  .ﺑﺎﻹﺿﺎﻓﺔ ﻟﻸﻧﻬﺎر واﻟﻮدﻳﺎن اﻟﺼﻐﻴﺮة
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CHAPTER ONE 
INTRODUCTION 
 
1-8 PREFACE 
Amongst renewable energy sources, hydroelectric power seems to be the most 
desirable for utilities. Its economic feasibility has been successfully proven.  
Although Sudan witnessed thermal power generation from steam driven units 
since the turn of the 20th  century, it took about 60 years to commission the first 
hydropower station rated at (15MW) at Sennar  Dam on the Blue Nile. A small 
hydropower station (11MW) was developed in the 1960’s at Khashm El Girba 
Dam on Atbara River. The biggest hydropower plant so far in the country is that 
at Roseires Dam on the Blue Nile with a total installed capacity of (280 MW) 
which became fully operational in early 1980’s. The height of Roseires Dam is 
expected to be increased by 10 meters, which will increase its total storage 
capacity and hence hydro – power generation by up to 50 %. 
The proportion of hydropower energy to total energy generated in the national 
grid remained significant over the years though this contribution dropped 
steadily. In recent years it stands at about 50% due to the large expansion in 
thermal energy generation while hydropower capacity remained unchanged. 
Hydropower energy is increasing significantly in the near future when Merowe 
Dam on the Main Nile, now under installation of the electro – mechanical 
equipments, is fully connected to the national grid with a rated power plant 
capacity of (1250 MW). Nevertheless, Sudan has exploited so far only a fraction 
of its large potential hydropower. Many sites, along the Nile and its tributaries, 
have been identified for possible future development [1]. 
There are different opinions on the definition of small hydropower. Aid agencies 
often set an upper limit of about (5 MW). Other developers tend to set a little 
higher limit. It seems permissible to say that a plant with an installed capacity of 
(10 MW) represent an upper limit for small hydropower. Classification among 
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small hydro power is also possible and terms like micro hydro or nano hydro 
with capacity less than 1 kW are also used in literature. Plant sizes are primarily 
governed by the source potential; there is hence a great variety in hydro plant 
sizes, and strict categorization may not be always appropriate [2]. 
By looking for small hydropower plants in Sudan (that exist in rivers, streams 
and irrigation canals), there are just few megawatts harvested, and many more 
need planning to be harvested. In the meantime, much can be gained from 
building small hydropower plants, as well as renovating older power plants.  
The principal advantages of using hydropower are its large renewable domestic 
resource base, the absence of polluting emissions during operation, its capability 
in some cases to respond quickly to utility load demands and its very low 
operating costs. On the other side, disadvantages can include high initial capital 
cost and potential site - specific and cumulative environmental impacts [3]. 
 
1-9 OBJECTIVE 
This research is concerned with the development of small hydropower projects in 
Irrigation Canals. The objectives of this study are: 
1. To determine the amount of Hydro Power that can be obtained from the 
flowing water on some potential sites in the irrigated sub-sector (e.g. in 
Sennar Dam by using the existing gates of  the Gezira and Managil main 
canals, and some of  Irrigation Canals’ Gates). 
2. To assess the feasibility of installing small hydropower projects on these 
potential sites. 
3. To maximize the benefit from irrigation water and its distribution on the 
      Gezira and Managil Scheme system.   
4. To enhance the opportunity of economical and social development at 
       Gezira area.  
5. To identify various issues related to such development.  
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The research also emphasized the importance of setting some important 
guidelines that need to be observed when considering small hydropower 
development in the irrigation network, and to set some criteria's for site selection. 
 
1-10 STATEMENT OF THE PROBLEM 
In Sudan, only a small proportion of the population has access to electricity at 
power supply. Electrification is mostly confined to urban and industrial centres, 
because of economic pressure on the very limited means available, leaving 
outlying areas with, at best, an occasional and minimal supply. 
The Gezira and Managil scheme is a vast area with scattered different sizes of 
towns and villages, where people live a primitive monotonous life. It had greatly 
succeeded in utilizing the human and material resources, but at the same time, it 
failed to transform the life of  the local population into a more developed pattern 
to coincide with the vital role it was playing to improve the national economy.  
Since reasonable availability of electrical power is crucial for socio-economic 
development in rural areas, and giving the widening gap in standards of living 
between urban and rural areas with what all that entails, small scale hydropower 
development should receive attention at this time because of its many merits. 
Small hydropower development in the irrigated sub-sector is a promising venture 
for rural socio-economic development that worth to be considered seriously 
because of its many advantages as a renewable, clean and well proven source of 
energy. Because of the large geographic coverage of rural areas around the 
irrigation networks, there is always a demand for electrical power. Thus, there is 
no need for long, and hence expensive, transmission lines as energy is locally 
consumed [4]. 
This research is addressing this particular issue. It is much concerned on finding 
the practical ways that will enhance the development of small hydropower at the 
irrigated sub-sector in the country.  
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1-11 DESCRIBITION OF THE STUDY AREA  
The Gezira and Managil scheme covered a large area of the Gezira State where 
most of it lies between the Blue and White Niles. It has the shape of a triangle; 
apex in Khartoum {lat 15.6 N, long 32.55 E, alt 380 m} and a base that extends 
from Sennar on the Blue Nile {lat 13.55 N, long 33.66 E, alt 420 m} to Kosti on 
the White Nile {lat 13.17 N, long 30.23 E, alt 380 m}. The base is about 110 km 
and the sides are 300 km. The total area may thus be estimated to be about 1.62 
million hectare. Gezira Scheme alone accounts for more than half of this area 
{0.88 million hectare} [5]. 
The Gezira and Managil scheme has a huge irrigation network, starting from 
Sennar Dam, through main, branch, major and minor canals down to Abu Ishreen 
and Abu Sitta. The two main canals, Old Gezira and Managil, carry water from 
the Sennar Dam to a distance of 57 km where they join in a common pool. The 
capacity of Old Gezira is 168 m3 per second and that of Managil is 186 m3 per 
second. This gives a total of 354 m3 per second, which is 30.5 million m3 per day. 
From k 57, Old Gezira goes North for nearly 150 km while Managil runs West to 
about 130 km.  
At about 65 km along Managil canal, another important Branch takes off from 
kilo 65, which called Wadi Alnil. It joins with Abu Usher Branch, which takes 
off from Old Gezira, at Abdelmagid about 36 km directly west of Abu Usher. 
Another important Branch takes off from Old Gezira near kilo 92, in the absence 
of a cross regulator. It is called Tabat after Tabat town in Wadi Shaeer group. In 
total there are 11 Branches of total length of about 650 km and with capacities 
ranging from 25 to 120 m3 per second. There are 107 majors of total length of 
about 1650 km and capacities from 1.5 to 15 m3 per second. This comprises the 
Upper System. Thus the total length of the Upper System, including 260 km of 
two main canals, is 2560km (Figure (1-1) shows a sketch of the Upper Irrigation 
System) [6]. 
The Lower System consists mainly of about 1500 minor canals of total length of 
about 8100 km and capacities from 0.5 to 1.5 m3 per second. Smaller ditches, 
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called Abu Ishreen, takes off from these minors. There are 29 thousand Abu 
Ishreen, each approximately 1.4 km, giving a total length of about 40 thousand 
km. The smallest water courses, taking from Abu Ishreen into the Field are 
known locally as Abu Sitta. There is 350 thousand such channel, each 280 m 
long, thus their total length is about 100 thousand km (Figure (1-2) shows a 
sketch of the Lower Irrigation System) [6]. 
The average width of the Main Canal is 50 m, that of Branches and Majors is 
about 20 m. The average width of Minors is 8 m and that of Abu Ishreen is 1 m 
and finally Abu Sitta with a width of 0.5 m. These dimensions are very important 
for calculating evaporation, which constitutes almost all of conveyance losses 
[6]. 
The irrigation canals provide irrigation water to the Gezira and Managil Scheme, 
which remains fundamental to the Sudanese Economy. The hydropower 
generation is only a by-product of these irrigation canals, and as they have 
reservoirs that can provide only seasonal regulation and they are all operated for 
the primary purpose of the canals flow regulation to suit irrigation water 
requirements, the energy yield from each plant is highly seasonal [4].  
Figures (1-3) to (1-9) show some irrigation gates at Gezira and Managil Main 
Canals. 
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Figure (1-1) Sketch of the Upper Irrigating System. (Note that numbers inside the 
regulators indicate the distance from the dam in km for the Gezira Main Canal; 
for Managil Main Canal the reference point is Kilo 57. [6] 
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Figure (1-2) Sketch of the Lower Irrigating System. [6] 
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Figure (1-3) The Up Stream View of Gezira Main Canal Gates at Kilo 57.  
 
 
Figure (1-4) The Up Stream View of Gezira Main Canal Gates at Kilo 57. (Near 
view shows the Grove of the Stop Log Gates Prove). 
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Figure (1-5) The Down Stream View of Gezira Main Canal Gates at Kilo 57. 
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Figure (1-6) The Up Stream View of Managil Main Canal Gates at Kilo 57.  
 
 
Figure (1-7) The Up Stream View of Managil Main Canal Gates at Kilo 57. (Near 
view shows the Grove of the Stop Log Gates Prove). 
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Figure (1-8) The Down Stream View of Managil Main Canal Gates at Kilo 57.  
 
 
Figure (1-9) The Down Stream View of Spillways of Managil Main Canal at 
Sennar Dam.  
1-12 METHODOLOGY 
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1. Making visits to the representative potential sites in the Gezira and 
Managil irrigation schemes. 
2. Collecting data of head and discharge from proposed source of 
information for this research, the daily record office at the Ministry of 
Irrigation and Water Resources, which records the daily discharge of any 
gate and the up stream and down stream water level of the identified gate.  
3.  Preparation of the collected data by calculating the daily average head 
and discharge for each month for (3) three consecutive years.     
4. Estimating the expected Hydro Power that can be generated from 
identified sites, which is a function of head and discharge. 
5. Setting different turbine dimension by selecting the proper turbine from 
the standard turbine tables.  
6. Setting the Small Hydropower station estimation cost which is essential 
for the preparation of the feasibility study. 
7. Suggesting the requirements recommended to Small Hydropower 
development in irrigation canals.  
 
1-13 RESULT EXPECTED 
1. It is economically feasible to install the Small Hydro-Power Plant at some 
irrigation gates at Gezira and Managil scheme. 
2. Providing the rural population with electrical power supply can lead to 
raise the living standards and the socio-economic progress at rural areas. 
3. Implementation of small hydropower development at the irrigation 
systems will result in an added value for the irrigation waters. 
4. Various parameters that influence the small hydropower generation in 
irrigation system will successfully be identified and controlled. 
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1-14 RESTRICTIONS TO THE STUDY  
1. The required information of the hydraulic data for the majority of 
potential sites is either lacking or non-existent (unrecorded or 
unavailable). 
2. The size and characteristics of the potentials demand are unexplored. 
3. The fluctuation of the water head and discharge at the potential sites from 
one year to other, according to the irrigation restrictions in terms of  water 
supplies and scheduling. 
4. There are some difficulty in measuring the flow since it required to be 
done in more than one place, because most streams pick up water as they 
go (water consumption for drinking, irrigating, … etc.). 
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CHAPTER TWO 
LITERATURE REVIEW 
 
2-10 INTRODUCTION 
Hydropower development in the past did not consider the extra benefits of 
harnessing the energy of the flow in the low head systems, such as small earth 
dams and irrigation canals, to generate hydroelectric power albeit in small scale. 
Recent technological advancements made it an attractive proposition to develop 
the small-scale low head hydropower applications in these systems. 
Many of hydropower development studies in Sudan have been prepared. For 
small hydropower development, there are a lot of existing and potential sites 
along the Nile and its tributaries. In southern Sudan on Malakal, Run-off River, 
there is a study to install one or two units with a generation capacity of 10 MW. 
Another study is to install units with a variable generation capacities in irrigation 
canals has been prepared by a committee of engineers from the Ministry of 
Irrigation and Water Resources (MOIWR) & the National Electricity 
Corporation (NEC) [4].  
 
2-11 OVERVIEW OF SUDAN’S IRRIGATED SUB-SECTOR  
Sudan irrigated sub-sector is extensive in both its geographic extend and its 
intensity of irrigation networks. So far, it is the largest in sub-Sahara Africa. 
Irrigation along the Nile was practiced for thousands of years. Water was lifted 
by animals or man-driven devices such as Sagya and Shaduf, respectively.    
Modern irrigation development in Sudan started in the Gezira and Managil 
irrigation scheme in (1925). It was a gravity, open earth channel system fed from 
Sennar Dam on the Blue Nile via two carrier main canals as mentioned before at 
section (1-4). From there, the Gezira and Managil Main Canals feed Branch and 
Major Canals which in turns distribute their waters to Minor canals. Tertiary 
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canals called Abu Ishreen supply water from the Minor canals to the field 
farming units. A farming unit, called number, has a standard area of 90 feddans.  
Flow control and regulation is made by manually operated vertical lift sluice 
gates in the Main, Branch and Major canals. The flow head difference across 
these gates is usually low (below 3 meters due to the gentle terrain slope in the 
order of 10cm/km). Canals offtakes are usually grouped together along the main, 
branch and major canals. 
Subsequent irrigation schemes were modeled almost exactly after the Gezira and 
Managil Scheme. The only difference is in the way by which the irrigation water 
is diverted from its source. In the majority of the schemes, water is lifted by 
pumping (usually from the Nile and its tributaries) [4]. 
The irrigation season in the Gezira and Managil Scheme usually starts in June 
and ends in March of the following year. The main crops are cotton, sorghum, 
groundnuts and wheat in addition to some vegetables such as onion, 
tomatoes,…etc. Peak Irrigation Requirements is usually in October, however 
relatively large requirements prevail at the beginning of the season. Over the 
rainy months, July to September, rains may interrupt irrigation supplies and 
scheduling particularly in August.  
Provision of raw drinking water for people and animals is an important function 
of the irrigation systems. At off-season, the large canals continue to carry 
drinking water. Thus in large canals (Mains, Branches and Majors) the flow is 
almost all around the year [6].  
 
 
 
 
2-12 SMALL HYDROPOWER DEVELOPMENT  
2-3-1 Small Hydropower Development in Sudan 
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There are many of small hydropower plants in operation today such as: 
(i) Sennar hydroelectric stations (on the Blue Nile), two Kaplan units 
with a generating capacity of 7.5 MW each.  
(ii) Kashm El Girba hydroelectric station (on the Atbara River), two 
Kaplan units with a generating capacity of 5.5 MW each. Also 
three pump-turbine units of 2 MW. 
(iii) Recently, a modern hydraulic turbine technology is developed and 
has been installed in Jebel Awlia Dam, on the white Nile, with 40 
Modules (80 units) and with a generating capacity of (520-720) kW 
per module, i.e. the total generating capacity of the station is about 
30.4MW (Figure (2-1), (2-2), (2-3) and (2-4)) [1]. 
The primary objective in developing a small hydropower plant is to benefit from 
a small source potential. In Sudan, there is a number of possible small 
hydropower potential sites along the Nile and its tributaries particularly in 
Southern Sudan, Jebel Marra, Nuba Mountains, small earth dams in Kordofan 
and Darfour, Irrigation Canals and Underground water Wells. So far none of 
these potentials have been exploited [2].  
2-3-2 Small Hydropower Development in some Other Countries 
There are already many villages in India and Nepal that have access to small 
hydro electricity. Record shows that small hydropower was introduced in India in 
1897 during the time of British colonization. Various cases have been reported 
which say the small hydropower installed during the early 1900s are still in good 
condition and functioning properly. Only after Independence did India start 
working extensively on Small Hydro Power under Five-Year plans. With the 
effort made by the Ministry of Non-conventional Energy Sources (MNES) 
during the period of the Eighth Five-Year plan, Small hydro was upgraded and 
additional funds allocated for improvement and expansion. The total installed 
capacity of small hydro projects in India is 144.28 MW while another 241.87 
MW is under construction. 
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Nepal being a country of rural and isolated committees, the suitability of micro-
hydro systems is distinctly visible. The government of Nepal has great plans to 
increase the Mega Hydro Power generation, and has shown almost the same 
amount of interest in developing small hydropower, but the policy toward small 
hydro is not very clear yet. Basically, there are foreign-aided projects that 
support the development of the power sector in Nepal, including the development 
of mini and small hydro resources. Recently, some initiatives have been taken by 
facilitating Kathmandu University with programs for small hydropower research.  
Small hydro has proved to be very advantageous in both India and Nepal. Micro-
hydro has been very helpful in saving trees in the rural parts of both the 
countries. In addition, small hydro has been instrumental in enhancing economic 
development and living standards especially in remote areas with limited or no 
electricity both in India and in Nepal [2]. 
Small Hydropower development (SHP) in China started as early as 1950s in 
conjunction with the agricultural and rural development progress in China. 
Electricity demand in rural China was very low at that time. 
There was more time for the Chinese people to prepare their own knowledge in 
planning, implementation & operation at low cost level for SHP than to introduce 
advanced technology from other countries, and their peculiarities in SHP were 
formed. SHP has been instrumental in rural electrification. In 1997, SHP 
accounted for 28.6% of whole exploitable hydro energy in China [2].  
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Figure (2-1) Sketch of the Hydro-matrix System at Jebel Awlia Dam [1].  
 
 
 
 
 
Figure (2-2) Sketch of the arrangement of Hydro-matrix System at Jebel Awlia 
Dam[1].  
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Figure (2-3) The Up Stream View of Spillways at Jebel Awlia Dam (The 
Module)[1].  
 
 
 
 
 
Figure (2-4) The Up Stream View of Spillways at Jebel Awlia Dam (Lot One) [1]. 
 
 20
2-13 ADVANTAGES OF SMALL HYDROPOWER DEVELOPMENT IN 
IRRIGATION CANALS 
The advantages of introducing small hydropower development in the irrigation 
canals are many including, inter alia, the following [4]: 
1) Provide the rural population with electricity supply, which is instrumental for 
socio-economic progress. It raises the living standards and closes the socio-
economic gap between urban and rural areas. 
2) There is no need for long, and hence expensive, transmission lines as energy 
is locally consumed. 
3) Small hydropower development in irrigation canals can reach sites where 
other sources of energy can not reach and / or compete with on economic 
grounds. 
4) In case of a nearby national grid, it can benefit from the relatively cheap, 
locally produced hydropower. 
5) The risk (engineering, finance, environmental, ..etc.) involved in small 
hydropower development in irrigation canals is minimal, because of the 
dependable water source and the already exiting infrastructures. 
6)  Potential sites in irrigation canals are eminently suited for phased 
development. 
7) Small hydropower development will result in an added value for the irrigation 
waters. 
 
 
 
 
2-14 PROBLEMS FACING SMALL HYDROPOWER DEVELOPMENT 
IN THE IRRIGATION CANALS 
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The importance of small-scale hydropower at the irrigation canals is increasing, 
and should receive the attention at this time because of its many merits. 
However, five main obstacles will face this development, which are [4]: 
1) Information, which could form a basis for the development process, is either 
unavailable or not recorded, e.g. inventory of potentially promising sites with 
full relevant details on the hydrology, surface and sub-soil conditions and cost 
estimates.    
2) The size and characteristics of the potential demand are unexplored, 
especially where the intended sites are small and remotely located.  
3) Substantial funds need to be mobilized, a large proportion in Foreign 
currency, for the import of expertise and equipment. Hydropower demands a 
higher front-end investment than other forms of conventional energy 
generation, and this is compounded by the increase in specific costs with the 
reduction in plant size. The financial disadvantage is usually compensated for 
by substantial savings throughout the operating life but this will not overcome 
the problem of securing the initial investment. Difficulties are also expected 
in raising the local currency requirement, in view of the many demands on the 
national budget. 
4) Installing small hydropower plants in remote rural sites will be faced by lack 
of operation and maintenance expertise, as well as back-up facilities even for 
routine and simple maintenance work. The problem is even more acute for 
small hydropower plants destined for local rural communities. 
5) There are concerns about the likely adverse impact of small hydropower 
development in the irrigation system; in particular interference in the 
irrigation scheduling and canals hydraulic regime. Uncoordinated 
hydropower generation with irrigation supplies, irrigation operation and 
maintenance system jeopardize the whole process.  
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It may be concluded that the high investment costs and the weak capacity in 
operation and maintenance are the largest impediments in development of small-
hydro projects in the irrigation canals. 
 
2-15 GUIDELINES FOR SMALL HYDROPOWER DEVELOPMENT IN 
IRRIGATION CANALS 
The following general guidelines are formulated as a general policy of the 
Ministry of Irrigation and Water Resources and expected to be adhered to strictly 
by all prospective and interested parties [4]: 
A. Irrigation System Considerations 
To keep interference in hydraulic regimes of the irrigated system to an absolute 
minimum, particularly: 
1. Interruption in irrigation supplies and scheduling. 
2.  Water level fluctuation up stream and down stream the power 
plant. 
3.  Flow velocity distribution and magnitude. 
 
B. Environmental Considerations 
1. To absolutely prevent likely pollution from power plant leaking 
oils and lubricants as irrigation water is used also for people and 
animal drinking. 
2.  Likely increase in water temperature, which is conductive to 
aquatic weed growth, is to be avoided. 
3. Noise pollution from the power plant is to be kept to the minimum. 
4. Environmental Impact Assessment (EIA) is a requirement for the 
approval by the Ministry of Irrigation and Water Resources. 
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C. General Considerations 
1. The overriding priority is always for irrigation, hydro-power 
generation is to be considered as a byproduct. 
2. Modifications at the existing irrigation structures and the hydraulic 
regimes of the irrigation systems are to be kept to the minimum, 
though some potential sites need to be rehabilitated before 
installing the hydropower plant.  
  
2-16 CRITERIA FOR SITE SELECTION 
There is a number of factors to be considered in selecting an appropriate site for 
small-hydropower development in irrigation canals. Among these are the 
following [4]: 
1) The head  
It is unlikely that heads below (1 m) will be technically and economically 
feasible. 
2) The discharge 
For low heads, the bigger the discharge, the better. For a discharge of I0 m3 
per second and differential head of 1 meters (typical for most Major canals), 
the likely power is about 10 KW. For main control points along main 
canals, for example, the potential ranges from I to 4 MW.  
 
3) Hydrological data 
- Irrigation requirements throughout the seasons for a long number of years. 
- Off-season requirements. 
- Flow duration curve. 
4) The space available at the potential site for the power house. 
5) Geological conditions at the site. 
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6) The location of the site with respect to: 
- Potential demand centre(s) (short/long transmission lines). 
- National electricity grid. 
7) The technology used in power generation: 
- Micro (with battery storage).  
-Conventional (e.g. propeller turbines) versus non-conventional technology (e.g. 
matrix turbines).  
 
2-17 ISSUES IN SMALL HYDROPOWER DEVELOPMENT 
A number of strategic issues pertinent to small hydropower development in the 
country need to be highlighted and serve as prelude to the development of a 
strategy in this respect. These issues are [4]:  
2-8-1 Development Objectives  
It is important to distinguish unambiguously between two distinct objectives for 
small hydropower development:    
I. To provide rural communities with electricity supply for socio-economic 
development. 
II. To develop appropriate potential sites as viable investment for public or in 
particular private sectors. 
Accordingly, two approaches were suggested for the development, community-
based and invested-based. Planning for these two approaches is, of course, 
different. For instance, conventional and cheap micro turbines those are easy to 
maintain but with relatively low efficiency, are more appropriate for community-
based development, while for commercial development, front-end technology is 
more appealing.  
 
2-8-2 Cost of Development  
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Small hydropower development is characterized by high initial capital cost. 
According to recent World Bank estimates, the capital cost is about $2000 per 
KW for low heads (2-3 meters) [10]. Electro-mechanical equipments (turbines, 
generators, transformers, ..Etc.) cost is about 70% of the capital cost, while the 
civil works (machine-house, diversion channel, ..etc.) amounts to less than 25%. 
Thus a 10 KW hydropower plant for an isolated rural community may cost 
$20,000 or more because of the apparently inevitable cost overruns due to 
inadequate funding, poor planning and management, and lack of commitment. 
High investment costs, coupled with long payback period (7-10 years) tend to 
discourage investors, who could get a better return for their money from 
alternative investments [4]. 
 
2-8-3 The Role of the Government 
The Government, in order to encourage small hydropower development in the 
country as an effective means for rural socio-economic development, should 
establish and maintain an enabling environment particularly with respect to: 
I. Fostering policies that promote and enhance development in this sub-
sector (e.g. sustainable financing mechanisms, concessions, support, ..etc). 
II. Building up national capacity in this specialized and new field. 
III. Establishment of an institutional framework for development, planning 
and implementation.  
 
2-8-4 The Role of the Stakeholders 
Among all likely stakeholders in small hydropower development, apart from the 
government, the following three play crucial roles;  
A. The Local Rural Community  
Empowerment of the targeted rural communities for this type of development is 
critical. Putting front–end technology in the hands of poor, illiterate and 
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disorganized rural communities, without being prepared, is recipe for failure. 
They need to be trained on how best to organize themselves so as to manage, 
operate and maintain the provided facility. The size of the facility is mostly 
decided by the irrigation site potential, the local power demand and the distance 
from the source to the local demand centre. For such demand, suitable potential 
sites are at control points in Major canals of the irrigation network. 
The poor local communities can not afford to bear the total capital cost of the 
facilities, which is relatively high. Perhaps the only feasible way for these 
communities to enjoy electrical power supply, is through donation by either the 
Governmental or Non–Governmental Organizations (NGO's) of the required 
electro–mechanical equipment as the cost of this component amounts to about 
half of the total capital cost. Contribution by others e.g. state or local authorities 
may be decided accordingly.  
 
B. The Private Sector 
Apart from the community–based development of small hydropower which is 
characterized as being small, scattered and isolated, there are potentials at some 
sites which are suited to be developed commercially. It is unlikely that potentials 
less than I MW will be attractive enough for private investors. In addition 
potential sites that are close to the national grid have distinct advantages. These 
two are, perhaps, the most important technical considerations for private 
investors.  In additions, two import characteristics of small hydropower 
development may be so critical form private investors' point of view. These are 
the relatively high initial capital cost and the relatively long gestation and pay–
back period. Accordingly small hydropower development is a long-term 
investment which may not be favorable for the private sector. In order to 
encourage the private sector to develop into such venture, a number of policies 
and measures need to be effected as outlined briefly in section (6-1-3). The 
National Electricity Corporation (NEC) may be the leader in this respect by 
fostering the development of one site as a pilot project that can be emulated by 
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the private sector. Also NEC may form joint ventures with the private sector 
companies for the development of other potential sites.  
  
C.  Non–Governmental Organizations (NGO's) 
Non–Governmental Organizations (NGO's) have two important roles to play for 
community–based development of small hydropower. These are donation of the 
required electromechanical equipment and building of capacity of the targeted 
rural community not only in management, operation and maintenance of the 
facility, but also on how best to benefit from the generated power for socio–
economic development of the community. NGO's are expected to play a quite 
important role in the sustainability of the community–based small hydropower 
development.  
2-8-5 Sustainability 
Small hydropower development often demonstrates low levels of sustainability 
due to a number of factors among them: 
I. Inadequate national capacity and lack of experience for this newly 
introduced technology. 
II. Inappropriate policies and legislations. 
III. Insufficient institutional support. 
IV. Lack of technical backstopping. 
If these and other impediments are not attended to in a comprehensive and 
holistic approach, then the sustainability of the development will be jeopardized 
[4].  
 
2-18 SUGGESTED STRATEGY FOR SMALL HYDROPOWER 
DEVELOPMENT 
To address the above and other related issues, a strategy is proposed. The 
objectives of the strategy are to promote, facilitate and maintain sustainably the 
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development and implementation of small hydropower projects for the rural 
communities.  In addition, create favorable and sustainable environment for the 
private sector to invest in small hydropower development in irrigation gates [4].  
   
2-9-1 Main Characteristics of the Strategy 
Development approach should not solely depend on market forces because of the 
very nature of the project and should not be promoted as such. Instead major 
reliance is placed upon a promoting body that will maintain substantial 
investment for the development and technical support. 
I. Development capacity building needs to be made fast in critical areas of 
technical know-how, planning and management in this relatively new field 
in the country. 
II. A critical element in the success of the proposed strategy is the 
institutional setting that defines the roles and linkages among the different 
stakeholders. Empowerment of the targeted local communities, 
engagement of the private sector and the official government backing and 
support are among the envisaged institutional setting. 
III. For the development to be sustainable, important factors such as 
participatory approach, sound development and planning management and 
favorable policy setting should be pursued.  
 
2-9-2 Main Elements of the Strategy 
The proposal has four main elements as follows:  
a) Small Hydropower Development Planning 
It is essential to establish a unit within the Ministry of Irrigation and Water 
Resources to carry out the following functions:  
i. Identify potential sites for development  
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ii. Classify the identified sites according to (a) community–based, and 
(b)investment-based criteria. 
iii. Collect pertinent design and other data for each potential site. 
iv. Carry out feasibility studies and update these studies as necessary jointly 
with NEC.  
 
b) Establishment of a Standing Steering Committee  
This is a national promoting body for small hydropower development whose 
functions are: 
i. To formulate policies general guide lines and plans and to oversee their 
implementation. 
ii. To set out development priorities.  
iii. To coordinate among different stakeholders. 
The composition of the committee is to be from senior officials from:  
- The Ministry of Irrigation and Water Resources (MOIWR).   
- The National Electricity Corporation ( NEC).  
- The Ministry of Finance.  
- The Ministry of Industry.  
- The Ministry of Investment.   
- The Ministry of Science and Technology. 
In addition to the representatives from:  
- Boards of National Irrigation Schemes.   
- Local Communities.  
- Private Sector.  
- NGO's.  
 
c)  Establishment of a National fund for Small Hydropower 
Development  
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A major impediment for small hydropower development is its relatively high 
initial capital cost. To overcome this hurdle, a fund is recommended to be 
established and managed by the ministry of Finance. The fund should have close 
working relationship with the Standing Steering Committee proposed above. The 
mandate of the fund is to maintain substantial investment and technical support 
for small hydropower development. In particular, the fund should have among its 
tasks the following:  
• Managing funds and donations received from the Government, bilateral 
cooperation and NGO's. 
• Provide soft loans for the local communities and national private 
investors. 
• Provide financial support to various activities related to capacity building 
for small hydropower development.  
 
d) Establishment of Project Implementation Unit (PIU)  
This is a specialized body entrusted with implementing the different prepared 
projects as approved by the Standing Steering Committee. The unit will have the 
responsibility for project implementation and financial management. More 
specifically, the Unit will have the following functions: 
- Preparation of tender documents.   
- Tendering.  
- Awarding and managing contracts.   
- Co–ordination and follow–up.  
The PIU will report the Standing Steering Committee. The PIU is to be staffed 
by engineers and other disciplines from both the Ministry of Irrigation and Water 
Resources and the National Electricity Corporation. 
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This proposed strategy, if implemented, will set the right and rational conditions 
for the successful development of small hydropower in the Irrigation's Systems.  
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CHAPTER THREE 
DESIGN OF SMALL HYDROPOWER PLANTS AT GEZIRA AND 
MANAGIL IRRIGATION CANALS 
 
3-4 INTRODUCTION 
In hydro power plants the kinetic energy of falling water is captured to generate 
electricity. A turbine and generator, generating unit, convert the hydraulic energy 
to mechanical and then to electrical energy. The generating units are installed 
either in or adjacent to gates, or use pipelines (penstocks) to carry the pressurized 
water below the certain gate or diversion structure to the powerhouse [3]. 
 The first step in assessing the feasibility of any hydroelectric system is to 
determine the amount of power that could be obtained from the stream at that 
site. The power capacity of a hydropower plant is primarily the function of two 
variables:  
(1) Flow rate expressed in cubic meters per second (m3 per sec.), and  
(2) The hydraulic head, which is the elevation difference that water falls in 
passing through the plant (meter). 
Plant design may concentrate on either of these variables or both. (Figure (3-1)) 
 
Figure (3-1) The flow and the fall of a stream of water [2]. 
Head is a measure of the pressure of falling water available at turbine expressed 
in meter water column. This pressure is a function of the vertical distance that 
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water drops and the characteristics of the channel, or the pipe, through which it 
flows. It must be distinguished between gross head, which is the difference of 
elevation between the water surface of the forebay and the tail race, and net head, 
which is the actual pressure available at the turbine. To obtain net head, 
allowances must be made for losses in the penstock and draft tube. Gross head 
can be determined by a topographical survey using levels and tape measures. 
Head is expressed in meters (or in feet in the USA). High flow and/or head 
means more available power. The higher the head the better, because less water 
is necessary to produce a given amount of power, and smaller, more efficient, 
and less costly turbines and piping can be used. 
When determining head (fall), both gross or “static” head, and net or “dynamic” 
head must be considered. Head losses depend on the type, diameter, and length 
of the penstock piping, and the number of bends or elbows. Gross head can be 
used to approximate power availability and determine general feasibility, but net 
head must be used to calculate the actual power available.  
Environmental and climatic factors, as well as human activities in the watershed, 
determine the amount and characteristics of stream flow on a day-to-day and 
seasonal basis. A storage reservoir can control flow, but unless a dam already 
exists, building one can greatly increase cost and legal complications. Generally, 
unless considering a storage reservoir, the lowest average flow of the year should 
be used as the basis of the system design. Alternatively, the average flow during 
the period of highest expected electricity demand could be used, so this may or 
may not coincide with lowest flows. There may be legal restrictions on the 
amount of water that could be diverted from a stream at certain times of the year. 
In such a case, one would have to use this amount of available flow as the basis 
of design[2]. 
Measuring flow is a little more difficult. This should probably be done in more 
than one place too, because most streams pick up water as they go [6].  
 
3-5 ESTIMATING POWER OUTPUT 
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The simple formula for potential hydropower output is as follows: 
Power (KW) = Head (m) x Flow (m3/s) x Gravity (9,81 m/s2) x Efficiency/100  
The efficiencies (including turbine and generator efficiencies) depend on make 
and the operating conditions (head and flow). 
From the energy conversion point of view, hydro power is a technology with 
very high efficiencies, in most cases more than doubles that of conventional 
thermal power plants. This is due to the fact that a volume of water that can be 
made to fall a vertical distance represents kinetic energy which can be easily 
converted into the mechanical rotary power needed to generate electricity, 
than caloric energies [3]. 
  
3-6 TECHNICAL DESCRIPTIONS OF SOME POTENTIAL SITES  
Although, a number of potential sites in Gezira and Managil scheme have been 
classified as potential plants for small hydropower generation, only seven 
irrigation gates of them have been identified and studied for this research 
(Appendix D). Those seven representative potential plants are: 
1. Gezira Main Canal gates at Sennar Dam.  
2. Managil Main Canal gates at Sennar Dam.  
3. Gezira Main Canal gates at kilo 57.  
4. Managil Germany Major Canal gates at kilo 57. 
5.  Managil Sudanese Major Canal gates at kilo 57.  
6. Gezira Main Canal gates at kilo 77 Wad Alnow.  
7. Gezira Main Canal gates at kilo 108 Beakah.  
 
Visits to those representative potential sites, in the Gezira and Managil irrigation 
schemes, have been made. The daily data of head and discharge for three 
consecutive seasons, years (2004-2005) - (2005-2006) and (2006-2007), have 
 35
been collected. The proposed source of information for this research is the daily 
record office at the Ministry of Irrigation and Water Resource that records the 
daily discharge of any gate and the up stream and down stream water daily level 
of the identified gate. These data have been prepared by calculating the daily 
average head and discharge for each month for the three consecutive seasons, and 
the expected Hydro Power that can be generated is found as a function of head 
and discharge (Appendices A, B and C).  
The estimated Hydropowers for the three consecutive seasons, from these seven 
irrigation gates, vary considerably between (100 KW and 6 MW) depending on 
the location within the irrigation network. Typical head difference is low (below 
4.5 meters).   
The data in the tables below (Table (3-1) to Table (3-7)) show the potential 
estimated hydropowers output on the potentials sites for each month for the three 
consecutive seasons. 
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Table (3-1) The Estimated Hydropower of Gezira Main Canal gates at Sennar 
Dam, Seasons (2004-2005), (2005- 2006) and (2006-2007): 
 
Month 
 
No. of Gates 
 
Power 1 (MW) 
Year 2004-2005 
Power 2 (MW) 
Year 2005-2006 
Power 3 (MW) 
Year 2006-2007 
Mean 
Power (MW)
May 14gates(5*3)m 0.91 2.18 0.97 1.35 
June   2.55 1.04 1.26 1.62 
July   0.46 0.48 0.33 0.42 
August   0.79 0.99 0.67 0.82 
September   4.28 1.13 0.62 2.01 
October   5.79 3.41 4.72 4.64 
November   7.09 6.96 6.54 6.86 
December   6.08 6.10 6.79 6.32 
January   3.78 3.46 6.02 4.42 
February   2.71 2.23 3.10 2.68 
March   2.09 2.04 2.42 2.18 
April   1.35 1.48 0.69 1.17 
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Chart (3-1) The Estimated Hydropower of Gezira Main Canal gates at Sennar 
Dam Vs time, Seasons (2004-2005), (2005- 2006) and (2006-2007). 
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Table (3-2) The Estimated Hydropower of Managil Main Canal gates at Sennar 
Dam, Seasons (2004-2005), (2005- 2006) and (2006-2007):  
 
Month 
 
No. of Gates 
 
Power 1 (MW) 
Year 2004-2005 
Power 2 (MW) 
Year 2005-2006 
Power 3 (MW) 
Year 2006-2007 
Mean 
Power (MW)
May 11gates(5*3)m 0.87 1.20 0.72 0.93 
June   1.43 1.33 2.50 1.75 
July   0.30 0.61 0.58 0.50 
August   0.40 0.97 0.47 0.61 
September   2.85 1.14 0.39 1.46 
October   4.32 4.33 3.79 4.15 
November   5.10 5.08 5.08 5.09 
December   4.25 4.42 5.30 4.66 
January   2.52 2.34 5.09 3.32 
February   1.73 1.52 2.48 1.91 
March   1.41 1.40 1.37 1.39 
April   1.22 0.77 0.73 0.91 
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Chart (3-2) The Estimated Hydropower of Managil Main Canal gates at Sennar 
Dam Vs time, Seasons (2004-2005), (2005- 2006) and (2006-2007). 
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Table (3-3) The Estimated Hydropower of Gezira Main Canal gates at K 57, 
Seasons (2004-2005), (2005- 2006) and (2006-2007):  
 
Month 
 
No. of Gates 
 
Power 1 (MW) 
Year 2004-2005 
Power 2 (MW) 
Year 2005-2006 
Power 3 (MW) 
Year 2006-2007 
Mean 
Power (MW)
May 6gates(3*3.75)m 0.26 0.22 0.33 0.27 
June   0.25 0.75 0.59 0.53 
July   0.35 1.40 1.10 0.95 
August   0.32 1.33 1.00 0.88 
September   0.31 1.12 0.94 0.79 
October   0.76 1.03 0.83 0.87 
November   0.80 1.04 0.93 0.92 
December   1.15 1.05 0.91 1.04 
January   1.04 1.00 0.89 0.98 
February   0.82 0.92 0.81 0.85 
March   0.70 0.92 0.81 0.81 
April   0.32 0.12 0.12 0.19 
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Chart (3-3) The Estimated Hydropower of Gezira Main Canal gates at K 57 Vs 
time, Seasons (2004-2005), (2005- 2006) and (2006-2007).  
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Table (3-4) The Estimated Hydropower of Managil Germany Major Canal gates 
at K 57, Seasons (2004-2005), (2005- 2006) and (2006-2007):  
 
Month 
 
No. of Gates 
 
Power 1 (MW) 
Year 2004-2005 
Power 2 (MW) 
Year 2005-2006 
Power 3 (MW) 
Year 2006-2007 
Mean 
Power (MW)
May 5gates(4*4)m 0.38 0.14 0.23 0.25 
June   1.09 0.50 0.53 0.71 
July   1.21 1.09 0.89 1.06 
August   1.29 1.59 1.08 1.32 
September   1.08 1.00 1.07 1.05 
October   1.27 0.89 0.78 0.98 
November   1.28 1.02 1.04 1.11 
December   1.35 1.02 0.98 1.12 
January   0.83 1.05 0.97 0.95 
February   1.01 1.41 0.93 1.12 
March   0.77 1.07 0.91 0.92 
April   0.27 0.34 0.14 0.25 
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Chart (3-4) The Estimated Hydropower of Managil Germany Major Canal gates 
at K 57 Vs time, Seasons (2004-2005), (2005- 2006) and (2006-2007). 
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Table (3-5) The Estimated Hydropower of Managil Sudanese Major Canal gates 
at K 57, Seasons (2004-2005), (2005- 2006) and (2006-2007). 
 
Month 
 
No. of Gates 
 
Power 1 (MW) 
Year 2004-2005 
Power 2 (MW) 
Year 2005-2006 
Power 3 (MW) 
Year 2006-2007 
Mean 
Power (MW)
May 4gates(4*4)m 0.22 0.17 0.24 0.21 
June   0.25 0.25 0.43 0.31 
July   0.27 0.29 0.33 0.30 
August   0.30 0.46 0.33 0.36 
September   0.36 0.31 0.36 0.34 
October   0.37 0.35 0.35 0.36 
November   0.36 0.32 0.35 0.34 
December   0.34 0.30 0.34 0.33 
January   0.23 0.29 0.29 0.27 
February   0.17 0.15 0.29 0.20 
March   0.20 0.10 0.28 0.19 
April   0.33 0.04 0.08 0.15 
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Chart (3-5) The Estimated Hydropower of Managil Sudanese Major Canal gates 
at K 57 Vs time, Seasons (2004-2005), (2005- 2006) and (2006-2007). 
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Table (3-6) The Estimated Hydropower of Gezira Main Canal gates at Wad 
Alnow K 77, Seasons (2004-2005), (2005- 2006) and (2006-2007):  
 
Month 
 
No. of Gates 
 
Power 1 (MW) 
Year 2004-2005 
Power 2 (MW) 
Year 2005-2006 
Power 3 (MW) 
Year 2006-2007 
Mean 
Power (MW)
May 4gates(3*3.75)m 0.22 0.24 0.35 0.27 
June   0.52 0.84 0.79 0.72 
July   1.31 1.60 1.67 1.53 
August   1.26 1.48 1.73 1.49 
September   1.19 1.50 1.96 1.55 
October   1.15 1.62 1.57 1.45 
November   1.16 1.59 1.63 1.46 
December   1.15 1.56 1.30 1.34 
January   0.95 1.23 1.35 1.18 
February   0.87 1.44 0.99 1.10 
March   0.73 0.81 1.28 0.94 
April   0.42 0.54 0.31 0.42 
 
 
 
0.00
0.50
1.00
1.50
2.00
2.50
May June July Oug Sep Oct Nov Dec Jan Feb Mar Apr
Time (Months)
Hy
d.
 P
ow
er
 (M
W
)
Power (1)
Power (2)
Power (3)
 
 
Chart (3-6) The Estimated Hydropower of Gezira Main Canal gates at Wad 
Alnow K 77 Vs time, Seasons (2004-2005), (2005- 2006) and (2006-2007). 
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Table (3-7) The Estimated Hydropower of Gezira Main Canal gates at Beakah 
K108, Seasons (2004-2005), (2005- 2006) and (2006-2007):  
 
Month 
 
No. of Gates 
 
Power 1 (MW) 
Year 2004-2005 
Power 2 (MW) 
Year 2005-2006 
Power 3 (MW) 
Year 2006-2007 
Mean Power 
(MW) 
May 3gates(3.5*6)m 0.17 0.34 1.05 0.52 
June   0.42 0.36 1.41 0.73 
July   0.62 0.55 0.54 0.57 
August   0.78 0.67 0.67 0.71 
September   0.87 0.67 0.71 0.75 
October   0.65 0.66 0.78 0.70 
November   0.67 0.66 0.74 0.69 
December   0.66 0.63 0.74 0.68 
January   0.60 0.61 0.65 0.62 
February   0.50 0.64 0.68 0.61 
March   0.45 0.58 0.67 0.57 
April   0.30 0.19 0.22 0.24 
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Chart (3-7) The Estimated Hydropower of Gezira Main Canal gates at Beakah 
K108 Vs time, Seasons (2004-2005), (2005- 2006) and (2006-2007). 
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CHAPTER FOUR 
THE TURBINE SELECTION 
 
4-4 INTRODUCTION 
The term hydropower is usually restricted to the generation of mechanical energy 
from falling water. The power is then used for direct mechanical purpose or, 
more frequently, for generating electricity.  
Hydropower technology can be categorized according to: 
o Rated power capacity (big or small). 
o Head of water (low, medium and high heads). 
o The type of turbine used (Kaplan, Francis, Pelton, …etc.). 
o The location and type of dam, reservoir, canal system, …etc.  
Conventional hydropower plants use the available water energy from a river, 
stream, canal system, or reservoir to produce electrical energy. In conventional 
multipurpose reservoirs and run-of-river systems, hydropower production is just 
one of many competing purposes for which the water resources may be used. 
Competing water uses include irrigation, flood control, navigation, municipal and 
industrial water supply [7].  
The range of application for the different types of turbines depends primarily on 
the operation head, as shown at Figure (4-1) below [7].  
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Figure (4-1) Sketch of the range of application for different types of turbines 
depending on Head [7]. 
The Kaplan turbine is a reaction turbine, which develops power from the 
combined action of pressure energy and kinetic energy of water. The direction of 
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flow is axial to the axis of rotation, therefore Kaplan type turbines are also called 
axial- flow turbines [8]. 
The main hydraulic parts of these turbines are following: 
• Spiral case. 
• Stay ring with stay vanes. 
• Conical distributor with guide vanes. 
• Runner, consisting of runner hub with fixed or movable runner blades. 
• Draft tube. 
The number of runner blades depends on the head and vary from four blades at 
minimum head to eight blades at maximum head. The most usual arrangement is 
the vertical shaft solution. Only in case of small units a horizontal shaft solution 
is used. 
The water enters the turbine laterally, is deflected by the guide vanes, and flows 
axially through the propeller. For this reason, these machines are referred to as 
axial-flow turbines. They have the advantage over radial-flow turbines that it is 
technically simpler to vary the angle of the blades when the power demand 
changes, which improves the efficiency of power production [7]. 
Kaplan turbines are suitable for very large volume flows and they have become 
usual where the head is only a few meters.  
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4-5 TECHNOLOGY AND EQUIPMENTS 
4-2-1 PROPOSED TECHNOLOGY 
In the National Energy Plan (NEP) of 1985 and the National Strategy Plan (NSP) 
of 1992, the Power Sector objectives have been formulated. The plan of 
implementation of the HYDROMATRIX Power Plant at the low head systems 
is fully in line with these objectives. 
The emphases on the development of hydroelectric generation together with the 
objective to provide electricity at the lowest possible cost are two major goals of 
Sudan, which can be fully met with this technology [9]. 
The proposed technology for implementation in the existing irrigation gates at 
Gezira and Managil scheme is the HYDROMATRIX technology, which is 
described below and turns to be the ideal electric generation scheme for irrigation 
canals. 
 
4-2-2 TECHNOLOGY DESCRIPTION 
The HYDROMATRIX turbine-generator design is a uniquely innovative and 
low cost solution to develop low head hydroelectric facilities at existing dams 
and intake structures. The traditional development of hydropower at an existing 
dam has been the installation of several large pit or bulb type units in a new 
powerhouse. Cost associated with the site excavation, spoil disposal, the 
powerhouse itself, modification of the intake flow canal and the cofferdams 
required during construction have frequently resulted in rendering a project 
financially unfeasible. In addition, the traditional approach often requires years 
of on-site construction and equipments installation time before the starting of the 
power production. 
The HYDROMATRIX design approach instead uses a relatively large number 
of small submersible bulb type turbine-generator units which are factory 
mounted in a steal grid structure or “module”. The module is designed to be 
inserted into gates slots or stop log slots already existing at the gate structure. 
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The mechanical components of the turbines are based on Kaplan axial flow 
turbine, units, combined with state of the ant generator design, which can easily 
be integrated into existing or gate structures [10]. 
Virtually no new powerhouse construction is required and the modules may be 
installed and operated continuously as long as flow is available or until excessive 
canal flows require lifting of the module to allow passage through an open gate 
bay.  
The HYDROMATRIX solution has the following benefits for the owner [10]:  
• Civil construction costs are reduced drastically by eliminating the need for 
the powerhouse structure. 
• The erection of the turbine-generator module(s) is fast and low cost. 
• The concept is simple and flexible enough to be adapted to many different 
applications. 
• Robust components guarantee high reliability and availability. 
• The time required for manufacturing, delivery, assembly and start-up can 
be very short, and is a fraction of the schedule normally expected of a 
traditional large turbine solution.  
• The concept allows for complete module removal from the water 
passageway for maintenance and inspection. This also allows the water 
passage to be used for sluicing interference. 
• Depending on size, each module is shipped and delivered as a complete 
assembly including the turbine-generator units. 
• Clean and environmentally friendly, because of less environmental 
impact.  
4-6 PROPOSED PLANT CONFIGURATION 
4-3-1 HYDROMATRIX CONCEPT 
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The HYDROMATRIX turbine-generator concept is a market leading solution 
for development of hydropower at low-head sites with existing dam or gate 
structure[7]. 
The HYDROMATRIX design utilizes a factory assembled grid or "matrix" of 
small propeller turbine-generators units. The compete module, including 
necessary mechanical and electrical equipments, is shipped intact to the project 
site where it can be easily raised or removed from the operating position similar 
to a gate or bulkhead slots.  
When river discharges in excess of the capacity of the module (or modules) must 
be passed, the module can be easily raised or removed from the operating 
position similar to a gate bulkhead. 
Because no major excavations, foundations, channel modifications, or civil 
works are necessary, installation utilizing the HYDROMATRIX technology 
enables the development of hydroelectric power plants at investment levels far 
below those normally required. Also, construction and start-up schedules can be 
reduced significantly, in some cases by years, resulting in much less overall 
project risk exposure prior to commercial operation and profitable sale of energy 
[1].  
 
4-3-2 TECHNICAL DATA OF THE SELECTED TURBINE 
According to data of Tables (3-1) and (3-2), and from the standard tables of the 
HYDROMATRIX turbines, the technical data of the proposed selected turbine 
for Gezira and Managil main canals gates at Sennar Dam has been defined as 
follows:  
 
Type of turbine    StraflowMatrix 
Number of modules     20 
Number of TG-Units per Module  1 
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Distributor arrangement  fixed wicket gates 
Runner arrangement   fixed runner blades 
Runner diameter      1.32 meters 
Number of runner blades    6 
Turbine/generator speed  375 rev. per min. 
Max. Runway speed   640 rev. per min 
Rated turbine out put    (520 – 560) KW 
Rated turbine discharge    15.2 m3 per sec.  
Rated transformer out put        494 KW 
Rated gross head    4.8 m    
Rated net head     2 m 
     
4-3-3 PLANT OPERATION 
This project uses the hydro matrix technology to produce 9.7 MW by using 20 
units, each unit combined of Kaplan axial turbine and generator called (TG) unit, 
installed in one horizontal raw. All units are divided in five groups called lots, 
and each lot contain four (TG). 
The lot is divided in pairs, each pair contains 1 (TG) units which mounted into a 
steel fabricated structure usually referred to as a module, and the module is pre-
assembled to the greatest extent possible and shipped to the project site. 
There are 25 gates in the existing dam, 14 gates for Gezira main canal and 11 
gates for Managil main canal , just 20 gates will be equipped with 
HYDROMATRIX modules and auxiliary equipment and the rest of the gates (5 
gates) are to be used to regulate water discharge.  
Each turbine generator unit consists of a stay ring with fixed stay vanes, a fixed 3 
runner blades propeller tube runner made of aluminum-bronze with diameter of 
 50
1.32 meters. Turbine generator speed in range (375 to 380 r.p.m) and the 
maximum runway speed is (640 r.p.m).  
 
4-3-4 ENVIRONMENTAL IMPACT 
The operation of the proposed HYDROMATRIX Power Plant will not change 
any environmental conditions and would be the same as with the usual gate 
operating conditions. 
There will be virtually no particular construction impact in regards to excavation, 
as it is usual with conventional hydroelectric power plant solutions.  
In addition, an installation using HYDROMATRIX technology has the potential 
to minimize environmental impact, particularly during the construction phase, as 
well as requiring minimal or no additional land area or expensive property 
acquisitions [10]. 
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CHAPTER FIVE 
PROJECT ECONOMICS 
 
5-5 DEFINITION OF ENGINEERING ECONOMY 
"Economics, like the weather, is everybody’s concern" [11]. In the last few 
decades the world has seen greater changes occurring at a faster rate than ever 
before in history. One of these significant changes is the attitude towards the 
study of economics and the role of economics analysis. In our increasingly 
complex world, the economic analysis of all activities is becoming more critical 
at all levels. Nowadays the survival of any organization involved in economic 
activity hinges on its ability to utilize its physical, financial and human resources 
in the most effective and economical manner possible. In other words, the 
challenges are always how people, money and materials should be combined and 
managed to achieve the maximum benefit for the enterprise. All these goals are 
achieved through economic analysis. 
In real life the success of an engineering project is more commonly measured in 
terms of financial efficiency than in any other way and it has long been 
acknowledged that a successful engineering venture must be both technically 
sound and economically feasible, i.e. in all cases, economic feasibility is the 
essential prerequisite of any engineering application. As a result, an economic 
analysis has become the inevitable first step in all engineering activities. 
Engineering economy can be defined as "The economic analysis of engineering 
alternatives". It deals primarily with optimal investment decisions and as such, it 
ensures rational solutions to investment problems related to technical 
activities[11].  
 
 
5-6 BASES OF COMPARISON 
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5-2-3 NET CASH FLOW FOR INVESTMENT OPPERTUNITIES 
When an investment opportunity has both cash receipts and disbursements 
occurring simultaneously, a net cash flow can be made which simplifies 
calculation. 
The net cash flow is defined as "The arithmetic sum of all the receipts (+ ve 
amounts) and the disbursements (- ve amounts) that occur at the same point in 
time" [11]. 
Let F jt  = net cash flow for investment proposal “j” at time “t” . 
IF F jt  < 0 , then F jt  represents a net cash cost. 
IF F jt  > 0 , then F jt  represents a net cash income or receipt.  
 
5-2-4 THE MOST COMMON BASES OF COMPARISON 
"A basis for comparison is an index or a measure of equivalence containing 
particular information about a series of receipts and disbursements representing 
an investment opportunity". It summarizes the significant difference between 
investment alternatives and helps in choosing the best alternative. 
The reduction of alternatives to a common base is necessary so that real 
differences become clear and a sound decision can be made. 
The most common bases for comparison are [11]: 
 
1. THE PRESENT-WORTH AMOUNT, PW(i) 
In determining a basis for comparison of investment alternatives, one likely 
candidate and usually the most powerful one is the Present - Worth index. 
 
           n 
PW(i)j = 
∑
 t=0   F jt ( P/ F, i , t )     (5-1) 
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Where: 
F jt ≡ Net cash flow for investment proposal (j) at time (t).  
   
Equ. (5-1) shows that the present-worth amount is actually an nth degree 
polynomial of interest rate (i). 
For such polynomial, there are n different roots or values of (i) which satisfy the 
equation. These values lie in the range ( -1 < i < ∞ ). 
Actually for all real problems it must be confined within the range(0 ≤ i <∞), 
because the number of positive real roots of (i) that satisfy the above equation is 
equal to the number of meaningful rates of return that will be produced by a cash 
flow. 
The present-worth amount has a number of features that makes it suitable as 
basis for comparison, namely: 
1- It concentrates the equivalent value of any cash flow in a single index 
at a particular point of time (i.e.   t = 0). 
2- The value of the present-worth amount is always unique no matter 
what may be the investment cash flow pattern .i.e. , any sequence of 
receipts and disbursements will give a unique present-worth amount 
for a particular value of (i).  
 
2. THE FUTURE-WORTH AMOUNT, FW(i) 
The future-worth amount for proposal (j) at some future time (n) years from the 
present is given by: 
 
FW(i)j =Fj0(F /P,i,n) +Fj1(F/P,i,n-1) + - - → + Fjn-1(F/P,i,1)+ 
Fjn(F/P,i,0) 
         n 
FW(i)j = 
∑
 t=0   F jt ( F/ P, i , n-t )    (5-2) 
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Another method of calculating the future-worth  amount , FW(i) , is to first  
determine the present-worth  amount of the cash flow and then to convert to its 
equivalent n years. 
Hence, i.e.: 
FW(i)j  = PW(i)j ( F/ P, i, n)      (5-3) 
 
3. PAYOUT PERIOD, OR PAYBACK PERIOD 
The payout period or payback period is commonly defined as "The length of the 
time required to recover the first cost of an investment from the net cash flow 
producing by that investment for an interest rate equal to Zero". 
If     P ≡ First cost of the investment.  
Ft ≡ The net cash flow in period t. 
Then the payout period is defined as the value of (n) that satisfies the equation:  
      n 
P   = 
∑
 t=1   Ft       (5-4)  
o Shortcomings or deficiencies of payout period criterion: 
The payout period approached has the flowing shortcomings or deficiencies: 
1- It fails to consider the time value of money. 
2- It ignores the consequences of the investment following the payout 
period including the magnitude and timing of the cash flow and the 
expected life of the investment.  
 
 
o Merits of payout period criterion: 
1- The payout period does give some measure of the rate at which an 
investment will recover its initial outlay. 
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2- For those situations where there is a high degree of uncertainly 
concerning the future, this method is justified and may be considered 
economically sound.  
 
4. THE INTERNAL RATE OF RETURN (IRR) 
The Internal Rate of Return (IRR) or Rate of Return, as it is frequently called, is 
defined as (the interest rate, i *, that reduce the present-worth amount of a series 
of receipts and disbursements to Zero). 
The rate of return for investment proposal J, is the invest rate, i*j   that satisfies 
the equation: 
n 
PW( i*j) = 
∑
 t=0   Fjt ( 1- i*j ) -t     (5-5) 
Where: 
Fjt ≡ Net Cash Flow for investment proposal (j) at time (t). 
( Fjt may  be positive or negative ). 
n ≡ The life of proposal j in periods. 
The rate of return, i*, is a widely accepted index of profitability. From the 
equation (5-2) and (5-5) before, it follows that the rate of return, i*, for a cash 
flow will also satisfy the expression:   
FW (i*) = 0              (5‐6)  
The rate of return, i*, may be determined directly, but generally its computation 
require a trial–and–error solution.  
5-7 PROJECT COST 
Small hydro power plants are very attractive for the investors. This is due to the 
low maintenance and operating costs and competitive revenue, but the initial cost 
is high when it is compared with big power plant. Moreover, the life span of 
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hydropower facilities is considerably longer than for conventional fossil power 
plants. There are hydro power plants that run for almost more than 40 years.  
Hydropower plants are characterized by high initial capital-investment costs and 
low operation and maintenance costs. According to the World Bank total costs 
are between USD 1800 and USD 2500 per kW for heads from 2 - 3 m up to 13.5 
m, and USD  1000 to USD  3000 per kW for heads between 27 and 350 meters. 
Generally, as base, the average total initial capital cost for low head power plants 
is assumed as USD 2000 per kW, and tariff of electricity consumption is 
assumed as 0.08 USD/KWhr [10].  
This section, the capital costs of the proposed HYDROMATRIX Power Plant 
for Gezira and Managil main canals gates at Sennar Dam were estimated, by 
considering an operating period of six months - from August to February of the 
next year.  
The costs shown below are estimated costs for use at the economical assessment 
of this project.  
 
5-3-3 Capital Cost Estimation 
The Capital Costs of the proposed HYDROMATRIX Power Plant for Gezira 
and Managil main canals gates at Sennar Dam have been estimated. The total 
excepted Hydropower that can be generated is about 9.7 MW (from table(3-1) 
and table (3-2)), results a Total Annual Energy in average of 35 GWhr. 
From section (5-3) above, the cost of the investment is estimated as USD 
19.4Million, and the Annually Payment Receipts is estimated as USD 2.8Million. 
The Estimated Total Capital Costs above including the following: 
1- The Electromechanical Equipments costs included the costs for the 
transmission line assumption. 
2- The unexpected civil works if necessary. 
3- Any other contingencies costs. 
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5-3-4   Phasing of Capital Costs 
The phasing of the capital costs is calculated according to the presumed payment 
schedule. The assumed phasing is 100% for the first year of installation.  
   
5-8 PROJECT FEASIBILITY 
The Project Assumptions are: 
1) The capital costs (for the Electromechanical Equipments and civil works)  
= 19.4 million USD 
2) Construction Period    = 1 years  
3) Operation  Period :    =  40 years 
4) Depreciation Period :   =  20 years  
 
For the total estimated capital costs for the implementation of SHP equals 
19.4million USD and that is assumed to be resulted in  15 equal refunded 
payment receipts of 2.8 million USD every year starting from the end of the first  
year , the cash flow diagram is drawn as:-  
 
 
- 19.4 million    
USD 
+2.8 
million    
USD 
2.8 
million    
USD 
2.8 
million    
USD 
2.8 
million    
USD 
2.8 
million    
USD 
1 2 3 14 15 
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The Project Feasibility can be assessing as the following:  
From equ. (5-1): 
        n 
PW(i)j = 
∑
 t=0   F jt ( P/ F, i , t )    
Where: 
F jt ≡ Net cash flow for investment proposal (j) at time (t).  
It is necessary to find out the value of the interest rate (i) that sets the present 
worth amount,  PW(i)j, to Zero. 
By solving the equation: 
 PW(i) = {[(- 19.4 million  USD)] / [( 2.8 million  USD) * (P/ F, i, 15)]}  
(P/ F, i, 15) = { (19,400,000) / (2,800,000) } = 6.92857 
From the tables of the interest rate factors for continuous payments [11]: 
At: i = 12% , 
The present worth factor = (P/ F, 12, 15) = 6.95584 ---------- (a) 
 
At: (i %) , 
The present worth factor = (P/ F , i , 15) = 6.92857 ---------- (b) 
 
At: i = 13% , 
The present worth factor = (P/ F, 13, 15) = 6.59789 ---------- (c)  
 
By interpolation between equation (a), (b) and (c), so the value of interest rate (i) 
that satisfies equ. (5-1): 
Interest rate of return  =  12.08 % 
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5-5-1 Internal Rate of Return (IRR) 
Project IRR measures the viability of the Project based on its net cash flows over 
an operation period of 40 years, on a pre-finance basis, i.e. the project is assumed 
to refund on all equity basis with 100% equity investment without considering 
the effect of financing. A project is said to be viable if the Internal Rate of Return 
(IRR) of the project is more than 10% [9]. 
The project IRR for the assumed HYDROMATRIX Power Plant is 12.08 %. 
 
5-5-2 Payback Period 
Payback periods indicate the length of time when the Project is expected to fully 
recover the investment costs. A project payback period of less than 10 years for 
hydroelectric power plant is considered to be highly feasible considering the 
capital Intensive nature of the Project and the length of the useful life of the 
Plant. 
The project payback period for the assumed HYDROMATRIX Power Plant is 
9years.  
CHAPTER SIX 
CONCLUSION AND RECOMMENDATIONS 
6-1 CONCLUSION 
This research is concerned with the development of small hydropower projects in 
Irrigation Canals. The main objectives of it are to determine the expected Small 
Hydro Power that can be obtained from some potential irrigation gates at the 
Gezira and Managil scheme, and to assess the feasibility of implementation of 
small hydropower technology on these potential sites.  
The research also emphasized the importance of setting some important 
guidelines that need to be observed when considering small hydropower 
development in the irrigation network, and to set some criteria for site selection 
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to enhance the opportunity of economical and social development at the Gezira 
Area.   
Several visits to the representative potential sites in the Gezira and Managil 
irrigation scheme were made. In addition, the data of head and discharge were 
collected from the source of information for this research that is the daily record 
office at the Ministry of Irrigation and Water Resources, which records the daily 
discharge of any irrigation gate and the up stream and down stream water level of 
the identified gate.  
The collected data were prepared of by calculating the daily average head and 
discharge for each month for three consecutive irrigation seasons for at years 
(2004-2005),   (2005-2006) and (2006-2007).  Then, the expected Hydro Power 
that can be generated from the identified sites was calculated.  
The setting of the different turbine specifications was made, by selecting the 
proper turbine from the standard turbine selection tables.  
The total capital cost of Small Hydropower station at Gezira and Managil main 
canals gates at Sennar Dam was estimated, which is essential for the preparation 
of the feasibility study. 
The result of the study that it is economically feasible to install the Small Hydro-
Power Plant at the identified irrigation gates at Gezira and Managil scheme. The 
Internal Rate of Return is estimated as 12.08 %, and the assumed Small Hydro 
Power Plant is expected to be fully recovering the investment costs in 9years.  
The benefit of the project is getting the aims like: 
I. Utilization of water resources of the Irrigating sub-sector, and increasing 
the power generation by adding 9.7 MW (Gain of 35 GWH annually). 
II. Increase the national income by adding 2.8 millions dollar annually. 
III. Participation in SHP development policy, and helping in the future 
researches and hydrology studies. 
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IV. Reducing the construction costs by depending on the existing structure 
and other site conditions, i.e. For  the Jebel Awlia the total project cost is 
in the range of 987$ per installed Kilowatt. The cost for smaller projects 
of 10MW ranges is currently in the $1,800 per installed kilowatt range. 
In addition, depending on the module size, Energy cost for projects 
under implementation and development are in the range of (0.025$ to 
0.035$) per kilowatt-hour very competitive, even under the current 
tough market conditions for energy projects (for Jebel Awlia within the 
same range) [1]. 
V.  Implementation of small hydropower development at the irrigation 
systems will lead to increase the living standards and the socio-
economic progress at rural areas, and result in an added value for the 
irrigation waters. 
There many restrictions have faced the preparing of this research like lacking of 
the required hydraulic data for the majority of potential sites (either unrecorded 
or unavailable), also the size and characteristics of the potentials demand are 
unexplored. 
Small and micro or nano hydropower schemes combine the advantages of large 
hydro on one hand, and decentralized power supply on the other. They do not 
have many of the disadvantages, such as costly transmission lines and 
environmental issues in the case of large hydro, and dependence on imported 
fuel and the need for highly skilled maintenance in the case of fossil-fuelled 
plants. Moreover, the harnessing of small hydro-resources, being of a 
decentralized nature, lends itself to decentralized utilization,  local 
implementation and management, making rural development possible mainly 
based on self-reliance and the use of natural, local resources. 
Sudan needs to implement new hydro projects to overcome energy shortages and 
to reduce dependence on imported oil. In conclusion, small hydropower 
development in the Sudan has many advantages that make such development 
very attractive. 
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6-2 RECOMMENDATIONS 
In order to realize small hydropower development in irrigation systems on 
rational and sustainable basis, a strategy needs to be formulated and 
implemented. In what follows, brief outline recommendations of the strategy are 
presented: 
1. A crucial issue in the sustainability of small hydropower development for 
isolated local communities is how to meet operation and maintenance cost 
of the facility. This is, in principle, to be met by the customers. It is clear 
at this stage what would be the unit price rate of the produced electricity 
for the rural community consumer, or how is this rate compared with 
National Electricity Corporation (NEC) rates, or whether electricity 
produced and consumed locally is eligible for subsidy as electricity 
produced by NEC. 
In order for the programmed of rural electrification by small hydropower 
development to be successful and effective, it needs to be integrated with 
the wider objectives of other rural development programmes at local state 
and national levels.  
 
2. Establishment of a national fund for small hydropower development to 
address the impediment of the initial high development capital cost. Of the 
numerous factors, which affect the capital cost, site selection and basic 
lay-out are among the first to be considered. 
 
3. Building fast critical mass in areas of technical operation and maintenance 
knowledge, planning and management. 
 
 63
4. Creating favorable environment for such developments e.g. empowerment 
of the targeted local communities, engagement of the private sector and 
government backing. 
 
5. Establishing a small hydropower development planning-unit, within the 
supervision of the Ministry of Irrigation and Water Resources. 
 
6. Formation of a national standing steering committee as a promoting body 
for small hydropower development 
 
7. Establishment of a project implementation unit, which is a specialized 
body whose main function is to implement the different prepared projects 
as approved by the suggested standing committee. 
 
8. Enhancing more researches on this field including the assessment of the 
irrigation hydrology, and the affect of the implementation of SHP on the 
hydrological specifications and regime of the irrigation canals.  
 
9. Control up the fluctuation of the water head and discharge at the potential 
sites from one year to another, according to the sedimentation problems.   
 
10. Developing and modernizing the old and traditional recording systems for 
the daily hydraulic data of the irrigation systems, and insert modern 
technologies to enhance the operation of data recording.  
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Table (A-1) Data of Gezira Main Canal gates at Sennar Dam:   
Month 
2004-2005 No.of Gates 
 
Head(m) Q(Mm³/day)  Q(m³/s)   Hydro Power(MW)  
May 14gates(5*3)m 4.17 4.488 26.19 0.91 
June   3.81 8.708 80.23 2.55 
July   0.3 16.537 185.43 0.46 
August   0.6 11.765 158.51 0.79 
September   2.41 16.757 212.77 4.28 
October   3.18 18.692 218.17 5.79 
November   4.19 17.500 202.85 7.09 
December   4.28 14.194 170.47 6.08 
January   3.17 12.082 142.87 3.78 
February   2.32 10.389 140.24 2.71 
March   2.87 8.389 87.5 2.09 
April   4.59 3.590 35.19 1.35 
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Chart (A-1) The Estimated Hydropower of Gezira Main Canal gates at Sennar 
Dam Vs time, Season (2004-2005).  
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Table (A-2) Data of Managil Main Canal gates at Sennar Dam: 
Month 
2004-2005 No.of Gates 
 
Head(m) Q(Mm³/day)
 
Q(m³/s)  Hydro Power(MW)  
May 11gates(5*3)m 3.46 3.139 30 0.87 
June   2.36 6.153 72.59 1.43 
July   0.29 10.555 124.07 0.30 
August   0.42 12.319 114.3 0.40 
September   2.23 12.866 153.53 2.85 
October   3.09 14.074 167.73 4.32 
November   4.05 13.059 151.06 5.10 
December   3.99 11.148 127.61 4.25 
January   2.89 9.056 104.43 2.52 
February   2.33 8.716 89.14 1.73 
March   2.64 7.012 64.25 1.41 
April   3.63 1.700 40.29 1.22 
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Chart (A-2) The Estimated Hydropower of Managil Main Canal gates at Sennar 
Dam Vs time, Season (2004-2005).  
Table (A-3) Data of Gezira Main Canal gates at K 57: 
Month 
2004-2005 No.of Gates 
 
Head(m) Q(Mm³/day)
 
Q(m³/s)  Hydro Power(MW)  
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May 6gates(3*3.75)m 2.5 1.581 12.27 0.26 
June   1.33 3.676 22.68 0.25 
July   0.58 10.531 73.06 0.35 
August   0.46 9.185 84.41 0.32 
September   0.43 10.327 86.67 0.31 
October   0.7 10.196 129.43 0.76 
November   0.73 10.057 130.89 0.80 
December   1.08 8.517 127.65 1.15 
January   1.26 6.833 98.56 1.04 
February   1.19 6.257 82.61 0.82 
March   1.64 5.145 50.99 0.70 
April   1.63 1.075 23.24 0.32 
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Chart (A-3) The Estimated Hydropower of Gezira Main Canal gates at K 57 Vs 
time, Season (2004-2005). 
Table (A-4) Data of Managil Germany Major Canal gates at K 57: 
Month 
2004-2005 No.of Gates 
 
Head(m) Q(Mm³/day)
 
Q(m³/s)  Hydro Power(MW)  
May 5gates(4*4)m 2.58 0.896 17.65 0.38 
June   1.56 2.333 83.85 1.09 
July   1.25 9.253 115.83 1.21 
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August   1.45 9.565 106.99 1.29 
September   0.9 10.657 143.45 1.08 
October   1.15 11.408 132.51 1.27 
November   1.3 8.032 117.9 1.28 
December   1.8 6.986 90.11 1.35 
January   1.47 5.857 67.72 0.83 
February   1.9 5.673 63.76 1.01 
March   2.16 5.182 42.75 0.77 
April   2.08 1.759 15.63 0.27 
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Chart (A-4) The Estimated Hydropower of Managil Germany Major Canal gates 
at K 57 Vs time, Season (2004-2005).  
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Table (A-5) Data of Managil Sudanese Major Canal gates at K 57: 
Month 
2004-2005 No.of Gates 
 
Head(m) Q(Mm³/day)
 
Q(m³/s)  Hydro Power(MW)  
May 4gates(4*4)m 1.61 2.889 16.08 0.22 
June   1.55 1.233 19.16 0.25 
July   1.62 1.756 20.11 0.27 
August   1.76 2.522 20.5 0.30 
September   1.59 2.163 27.26 0.36 
October   1.57 2.582 28.29 0.37 
November   1.59 2.384 27.29 0.36 
December   1.44 1.961 28.22 0.34 
January   1.03 1.753 26.59 0.23 
February   0.92 0.846 22.25 0.17 
March   1.33 0.504 17.67 0.20 
April   1.75 0.466 22.36 0.33 
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Chart (A-5) The Estimated Hydropower of Managil Sudanese Major Canal gates 
at K 57 Vs time, Season (2004-2005).  
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Table (A-6) Data of Gezira Main Canal gates at Wad Alnow K 77: 
Month 
2004-2005 No.of Gates 
 
Head(m) Q(Mm³/day)
 
Q(m³/s)  Hydro Power(MW)  
May 4gates(3*3.75)m 2.82 1.060 9.54 0.22 
June   2.54 3.253 24.65 0.52 
July   1.69 8.350 93.13 1.31 
August   1.56 9.271 96.63 1.26 
September   1.4 12.276 102.24 1.19 
October   1.31 12.440 105.52 1.15 
November   1.42 11.966 98.16 1.16 
December   1.62 10.256 85.5 1.15 
January   1.78 8.472 63.93 0.95 
February   1.79 8.045 57.96 0.87 
March   2.17 7.142 40.4 0.73 
April   2.16 2.633 23.46 0.42 
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Chart (A-6) The Estimated Hydropower of Gezira Main Canal gates at 
WadAlnow K 77 Vs time, Season (2004-2005).  
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Table (A-7) Data of Gezira Main Canal gates at Beakah K 108: 
Month 
2004-2005 No.of Gates 
 
Head(m) Q(Mm³/day)
 
Q(m³/s)  Hydro Power(MW)  
May 3gates(3.5*6)m 1.84 2.378 11.26 0.17 
June   1.8 2.622 28.04 0.42 
July   1.15 4.965 64.16 0.62 
August   1.23 6.349 75.92 0.78 
September   1.46 6.410 71.43 0.87 
October   1.04 6.178 75.27 0.65 
November   1.11 5.955 72.89 0.67 
December   1.14 5.340 69.53 0.66 
January   1.16 5.089 62.39 0.60 
February   1.07 5.569 55.91 0.50 
March   1.17 4.700 45.87 0.45 
April   1.24 1.361 28.71 0.30 
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Chart (A-7) The Estimated Hydropower of Gezira Main Canal gates at Beakah 
K108 Vs time, Season (2004-2005).  
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Table (B-1) Data of Gezira Main Canal gates at Sennar Dam: 
Month 
2005-2006 No.of Gates 
 
Head(m) Q(Mm³/day)  Q(m³/s)  Hydro Power(MW)  
May 14gates(5*3)m 5.04 4.488 51.94 2.18 
June   1.24 8.708 100.79 1.04 
July   0.30 16.537 191.40 0.48 
August   0.87 11.765 136.16 0.99 
September   0.70 16.757 193.95 1.13 
October   1.89 18.692 216.34 3.41 
November   4.12 17.500 202.55 6.96 
December   4.45 14.194 164.28 6.10 
January   2.97 12.082 139.84 3.46 
February   2.22 10.389 120.25 2.23 
March   2.52 8.389 97.10 2.04 
April   4.26 3.590 41.55 1.48 
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Chart (B-1) The Estimated Hydropower of Gezira Main Canal gates at Sennar 
Dam Vs time, Season (2005-2006).   
Table (B-2) Data of Managil Main Canal gates at Sennar Dam: 
Month 
2005-2006 No.of Gates 
 
Head(m) Q(Mm³/day)  Q(m³/s)  Hydro Power(MW)  
May 11gates(5*3)m 3.96 3.139 36.33 1.20 
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June   2.24 6.153 71.21 1.33 
July   0.60 10.555 122.16 0.61 
August   0.82 12.319 142.58 0.97 
September   0.92 12.866 148.91 1.14 
October   3.19 14.074 162.90 4.33 
November   4.03 13.059 151.14 5.08 
December   4.11 11.148 129.03 4.42 
January   2.68 9.056 104.82 2.34 
February   1.81 8.716 100.88 1.52 
March   2.07 7.012 81.16 1.40 
April   4.67 1.700 19.68 0.77 
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Chart (B-2) The Estimated Hydropower of Managil Main Canal gates at Sennar 
Dam Vs time, Season (2005-2006).   
Table (B-3) Data of Gezira Main Canal gates at K 57: 
Month 
2005-2006 No.of Gates 
 
Head(m) Q(Mm³/day)  Q(m³/s)  Hydro Power(MW)  
May 6gates(3*3.75)m 1.46 1.581 18.30 0.22 
June   2.12 3.676 42.55 0.75 
July   1.38 10.531 121.89 1.40 
August   1.50 9.185 106.31 1.33 
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September   1.12 10.327 119.53 1.12 
October   1.05 10.196 118.01 1.03 
November   1.07 10.057 116.40 1.04 
December   1.28 8.517 98.57 1.05 
January   1.51 6.833 79.08 1.00 
February   1.53 6.257 72.42 0.92 
March   1.85 5.145 59.55 0.92 
April   1.17 1.075 12.44 0.12 
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Chart (B-3) The Estimated Hydropower of Gezira Main Canal gates at K 57 Vs 
time, Season (2005-2006).  
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Table (B-4) Data of Managil Germany Major Canal gates at K 57:  
Month 
2005-2006 No.of Gates 
 
Head(m) Q(Mm³/day)  Q(m³/s)  Hydro Power(MW)  
May 5gates(4*4)m 1.66 0.896 10.37 0.14 
June   2.22 2.333 27.01 0.50 
July   1.22 9.253 107.09 1.09 
August   1.72 9.565 110.70 1.59 
September   0.97 10.657 123.34 1.00 
October   0.81 11.408 132.03 0.89 
November   1.32 8.032 92.96 1.02 
December   1.51 6.986 80.85 1.02 
January   1.86 5.857 67.79 1.05 
February   2.57 5.673 65.66 1.41 
March   2.14 5.182 59.98 1.07 
April   2.00 1.759 20.36 0.34 
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Chart (B-4) The Estimated Hydropower of Managil Germany Major Canal gates 
at K 57 Vs time, Season (2005-2006). 
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Table (B-5) Data of Managil Sudanese Major Canal gates at K 57: 
Month 
2005-2006 No.of Gates 
 
Head(m) Q(Mm³/day)  Q(m³/s)  Hydro Power(MW)  
May 4gates(4*4)m 0.61 2.889 33.44 0.17 
June   2.11 1.233 14.27 0.25 
July   1.73 1.756 20.33 0.29 
August   1.91 2.522 29.19 0.46 
September   1.48 2.163 25.03 0.31 
October   1.39 2.582 29.88 0.35 
November   1.41 2.384 27.59 0.32 
December   1.59 1.961 22.69 0.30 
January   1.74 1.753 20.29 0.29 
February   1.85 0.846 9.79 0.15 
March   1.99 0.504 5.83 0.10 
April   0.84 0.466 5.40 0.04 
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Chart (B-5) The Estimated Hydropower of Managil Sudanese Major Canal gates 
at K 57 Vs time, Season (2005-2006).  
Table (B-6) Data of Gezira Main Canal gates at Wad Alnow K 77: 
Month 
2005-2006 No.of Gates 
 
Head(m) Q(Mm³/day)  Q(m³/s)  Hydro Power(MW)  
May 4gates(3*3.75)m 2.38 1.060 12.27 0.24 
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June   2.67 3.253 37.65 0.84 
July   1.98 8.350 96.64 1.60 
August   1.65 9.271 107.30 1.48 
September   1.27 12.276 142.09 1.50 
October   1.35 12.440 143.98 1.62 
November   1.38 11.966 138.50 1.59 
December   1.58 10.256 118.70 1.56 
January   1.50 8.472 98.05 1.23 
February   1.86 8.045 93.11 1.44 
March   1.18 7.142 82.66 0.81 
April   2.11 2.633 30.48 0.54 
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Chart (B-6) The Estimated Hydropower of Gezira Main Canal gates at 
WadAlnow K 77 Vs time, Season (2005-2006).  
Table (B-7) Data of Gezira Main Canal gates at Beakah K108: 
Month 
2005-2006 No.of Gates 
 
Head(m) Q(Mm³/day)  Q(m³/s)  Hydro Power(MW)  
May 3gates(3.5*6)m 1.47 2.378 27.52 0.34 
June   1.42 2.622 30.35 0.36 
July   1.14 4.965 57.47 0.55 
August   1.10 6.349 73.48 0.67 
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September   1.09 6.410 74.19 0.67 
October   1.11 6.178 71.50 0.66 
November   1.14 5.955 68.92 0.66 
December   1.22 5.340 61.80 0.63 
January   1.24 5.089 58.89 0.61 
February   1.20 5.569 64.45 0.64 
March   1.28 4.700 54.40 0.58 
April   1.44 1.361 15.75 0.19 
Hyd. Power VS Time Variation 
0.00
0.10
0.20
0.30
0.40
0.50
0.60
0.70
0.80
May June July Aug Sep Oct Nov Dec Jan Feb Mar Apr
Time (May 2005- Apr 2006)
H
yd
. P
ow
er
 (M
W
)
0.00
0.10
0.20
0.30
0.40
0.50
0.60
0.70
0.80
May June July Aug Sep Oct Nov Dec Jan Feb Mar Apr
Time (May 2005- Apr 2006)
H
yd
.P
ow
er
 (M
W
)
 
Chart (B-7) The Estimated Hydropower of Gezira Main Canal gates at Beakah 
K108 Vs time, Season (2005-2006).  
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Table (C-1) Data of Gezira Main Canal gates at Sennar Dam: 
Month 
2006-2007 No.of Gates 
 
Head(m) Q(Mm³/day)
 
Q(m³/s)  Hydro Power(MW)  
May 14gates(5*3)m 3.99 2.516 29.12 0.97 
June   1.39 9.377 108.53 1.26 
July   0.21 16.276 188.38 0.33 
August   0.52 13.398 155.07 0.67 
September   0.41 15.552 180.00 0.62 
October   2.69 18.163 210.22 4.72 
November   4.28 15.833 183.26 6.54 
December   4.65 15.123 175.03 6.79 
January   4.65 13.413 155.24 6.02 
February   2.62 12.262 141.92 3.10 
March   1.85 13.561 156.95 2.42 
April   4.08 1.750 20.25 0.69 
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Chart (C-1) The Estimated Hydropower of Gezira Main Canal gates at Sennar 
Dam Vs time, Season (2006-2007). 
Table (C-2) Data of Managil Main Canal gates at Sennar Dam: 
Month 
2006-2007 No.of Gates 
 
Head(m) Q(Mm³/day)
 
Q(m³/s)  Hydro Power(MW)  
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May 11gates(5*3)m 4.80 1.556 18.00 0.72 
June   3.70 7.000 81.02 2.50 
July   0.51 11.697 135.38 0.58 
August   0.47 10.366 119.98 0.47 
September   0.32 12.627 146.14 0.39 
October   2.56 15.358 177.76 3.79 
November   4.01 13.118 151.83 5.08 
December   4.30 12.781 147.92 5.30 
January   4.63 11.387 131.80 5.09 
February   2.20 11.686 135.25 2.48 
March   1.23 11.500 133.10 1.37 
April   4.79 1.583 18.33 0.73 
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Chart (C-2) The Estimated Hydropower of Managil Main Canal gates at Sennar 
Dam Vs time, Season (2006-2007).  
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Table (C-3) Data of Gezira Main Canal gates at K 57: 
Month 
2006-2007 No.of Gates 
 
Head(m) Q(Mm³/day)
 
Q(m³/s)  Hydro Power(MW)  
May 6gates(3*3.75)m 1.50 2.310 26.74 0.33 
June   2.00 3.038 35.16 0.59 
July   1.26 9.023 104.43 1.10 
August   1.20 8.611 99.67 1.00 
September   0.99 9.817 113.62 0.94 
October   0.57 15.128 175.09 0.83 
November   1.05 9.180 106.25 0.93 
December   0.97 9.673 111.95 0.91 
January   1.15 8.006 92.67 0.89 
February   1.03 8.104 93.79 0.81 
March   1.02 8.256 95.66 0.81 
April   0.92 1.400 16.20 0.12 
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Chart (C-3) The Estimated Hydropower of Gezira Main Canal gates at K 57 Vs 
time, Season (2006-2007).  
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Table (C-4) Data of Managil Germany Major Canal gates at K 57: 
Month 
2006-2007 No.of Gates 
 
Head(m) Q(Mm³/day)
 
Q(m³/s)  Hydro Power(MW)  
May 5gates(4*4)m 1.91 1.260 14.58 0.23 
June   2.34 2.328 26.94 0.53 
July   0.92 10.017 115.93 0.89 
August   1.45 7.737 89.55 1.08 
September   1.16 9.534 110.34 1.07 
October   0.74 10.898 126.14 0.78 
November   1.31 8.256 95.55 1.04 
December   1.34 7.555 87.45 0.98 
January   1.51 6.671 77.21 0.97 
February   1.48 6.491 75.13 0.93 
March   1.64 5.743 66.47 0.91 
April   1.16 1.244 14.40 0.14 
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Chart (C-4) The Estimated Hydropower of Managil Germany Major Canal gates 
at K 57 Vs time, Season (2006-2007).  
 Table (C-5) Data of Managil Sudanese Major Canal gates at K 57: 
Month 
2006-2007 No.of Gates 
 
Head(m) Q(Mm³/day)
 
Q(m³/s)  Hydro Power(MW)  
May 4gates(4*4)m 1.44 1.756 20.32 0.24 
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June   2.46 1.825 21.12 0.43 
July   1.82 1.906 22.06 0.33 
August   1.64 2.104 24.36 0.33 
September   1.64 2.248 26.01 0.36 
October   1.51 2.421 28.02 0.35 
November   1.50 2.419 28.00 0.35 
December   1.49 2.358 27.29 0.34 
January   1.57 1.894 21.93 0.29 
February   1.58 1.879 21.74 0.29 
March   1.55 1.838 21.28 0.28 
April   0.70 1.221 14.13 0.08 
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Chart (C-5) The Estimated Hydropower of Managil Sudanese Major Canal gates 
at K 57 Vs time, Season (2006-2007).  
Table (C-6) Data of Gezira Main Canal gates at Wad Alnow K 77: 
Month 
2006-2007 No.of Gates 
 
Head(m) Q(Mm³/day)
 
Q(m³/s)  Hydro Power(MW)  
May 4gates(3*3.75)m 3.39 1.072 12.40 0.35 
June   2.62 3.134 36.28 0.79 
July   1.67 10.342 119.70 1.67 
August   1.71 10.466 121.14 1.73 
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September   1.64 12.393 143.44 1.96 
October   1.23 12.203 152.82 1.57 
November   1.63 10.347 119.75 1.63 
December   1.25 10.771 124.66 1.30 
January   1.74 8.061 93.30 1.35 
February   1.24 8.289 95.94 0.99 
March   1.64 8.080 93.51 1.28 
April   3.17 1.011 11.70 0.31 
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Chart (C-6) The Estimated Hydropower of Gezira Main Canal gates at 
WadAlnow K 77 Vs time, Season (2006-2007).  
Table (C-7) Data of Gezira Main Canal gates at Beakah K 108: 
Month 
2006-2007 No.of Gates 
 
Head(m) Q(Mm³/day)
 
Q(m³/s)  Hydro Power(MW)  
May 3gates(3.5*6)m 3.55 3.069 35.52 1.05 
June   2.34 6.256 72.40 1.41 
July   0.92 6.042 69.93 0.54 
August   1.13 6.109 70.71 0.67 
September   1.03 7.158 82.84 0.71 
October   1.08 7.455 86.29 0.78 
November   1.19 6.480 75.00 0.74 
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December   1.23 6.273 72.60 0.74 
January   1.25 5.380 62.27 0.65 
February   1.23 5.721 66.22 0.68 
March   1.20 5.752 66.57 0.67 
April   1.08 2.136 24.73 0.22 
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Chart (C-7) The Estimated Hydropower of Gezira Main Canal gates at Beakah 
K108 Vs time, Season (2006-2007).  
     
 
